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© Method and apparatus for cleaning substrate. 



® A method and apparatus for seating ^^^^ a treating chamber 

* treated are put is mounted on a rotary taole f^T^^^^^^o fill therein with 
(l).m^omaining ^ 
ttM ^ 2ane = eCTrta ^ga S r J umpur 9 water 1 ^mo™* m their surfaces, ultra-pure 

ar9 rotating, thereby treating them with the *.« *h* o f u and the sub5 trates are routed 
waier a ,one is M after removal of und^dm«« ^"^^ ^ drying , thereby increasing the 
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The present invent reiaea . . 
,r,ae S ired materials such as organ.c ccatmgs and departs. an ^ photoresist films mat are 

-P— <cr tn-ng ^^^S^cJ-r -ices. i * P^rao.y. or 

hereon wrth a phctosanstfve organ ,c high-mo ec £ ^ "^"^^ % m . Then, the phctores* Is 
;hroug p a photomask, provided' tharem **a JJ^J^J ^ of w suost rat a , on which the 
cvelcoed ro fcrm a oncost pattern on ™ "f^™^ or SDuttermg. or subjected to chamu* 
onotcresist is net formed, is priced tnertcn «rth - ,nbr « mbv cvu ■ 3(ements fay neatjng or l0n 
etching or RIE (reacSve ion etchmg),^ «m cn the sucstrata is 

implantation. Cnce a series of waments h« b~nfin»n P ^ „ |rn , 

amMr. because Incompleta photoresist ^ ^ as ^ whjch have rec9 ntly Peen faorioated, 
steps. Much larger scale '^^^^^6 n semioonductcr devices are oecreaseo - are more 
- this means that the line w,dths of the c-rcurts ^""^^^ occurring during me prsoudw, 
adversely affected by ohotoresist rnm re ^^ 

s^^-^-- a - ^ ^ * . ^ 

^rrS^2^ of sul.nc acid, and hydrogen pero.de la ^ 

with sulfuric acid in orcar * enhance <*™ e ™9J^; oercxide IS used :o remove a uhctcresi* film, it Is 
When a iiquid mrxturs =, auHunc «d «tm " y ^ s X^add etc., from the substrate in whicn the 
widely practiced to remove liquid deposits "/"P^^^^deooate by ultra-cure water, ate. 
Chctoresist mm has been removed and to wash out r s « es or nd s,red ^ 
3 ' Wet removal of organic coatings :rom waters ,or ss ^= on ™ jef cassat9 elding a plurality of 

3 organic or .norganic compounds »^ I ^^Z^S^^ ^ * 

the wafers to be 7eated in a trearng tank f,lled w* a ^r^oluo ^ & ^ ,„ ecj wrth 

acid with nycrcgen peroxide for a g,ven span or jme. anc .hen -an g ^ ^ depQSltSi 

..„ ra -oure water or other rinsing liquid for .mmeraon. therec/ jeanng 

onotoresisttilm residues anc other deposits. d8CQ _ BOsition of hydrogen peroxide on the oxidatrve 

- ■ An action of nascent oxygen generated by ^ decomoc art on y ^ removal by a liquid m.xture 
decomposition of the cnotoresist film plays an ,mpcr»n «J on to re. ^ ^ jt 1S 

cf sulfuric acid witn hyorcgen pero^oe. In orde r to malnt^ ■ he o » 9 q that ^ ccnsumed by 

„ u> required to replace sulfuric acio ^^^^ n^centra^on. 
40 the oxidative oecompositcn =t the enctore,, t ,1m an d are d^ u ^ ;efms =f 4 _ hg pQwer f 

in order to ootain a sim.lar effect -thcut roflng wa«e l«u d eg ^ supp|y 

-rsating the uncers.ded materials to be removed or applying a -rean nq 

O20 ne to sulfuric acid, as set forth in JP-3-52-12063 wtien a subslrat8 is 

Ganerailyphotoresist films may be removed oy .ntroduc-ng ozone n s^ i ^ ^ hjgh 

* subjected tractive ion etching or ocoed wm, impurrt.es -y th-«n .mpar^ ^ fl|m js ^ 

concentration, however, some residues anan , ^a,n ^ t^e sub^te be ^ ^ : mp , arnation 

comcletaly removed. Wen the suoatrata ■» ^f.^' 0 ^ 0 ;^ etc „ US9 a for ion irr.clantaticn reacts 
or otner step, this apoears tc ce due o ^ ^ arT9d t0 a 3UD stance un,iKe,y :o undergo 

chemically with the pnctcresist, so that the ^^f^'^.^, „ :ne ^trng scluflcn. 
» oxidation anc, hence, .nlikeiy tc undergo or limited in water content, because 

.n addition, solutions used for trear.ng ohotores.s, <'^; r9 ' e (J , at has a very low soluoifity .n 

sulfuric acid is used therswHh at h.gn ^ cs "~ ' ^ soluti00 navin g a reduced watar content. Hs 
sulfuric acid is introduced , a higivecneant^^^ ls leS5 soluble in the surtunc 

-x,dizing ocwer cannot be affectively exnic.ted and used, becaus 



55 solution 



j f- 

tion, , hicn ., ne rqy oarticles as recrssentec by cxygen plasma 

in dry treating procedure*, on the « her / and -;' Sn w ; h n9 a r9 X,. treat ment using ozone is that whan resets 

■ cases do damage to wafsrs. A crobiem wun a y 3ljrnD i n c, ate, takes place through heat, 

,igh coses are traatac at relatively high temperature., ou . 
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making seme resist residues likely to remain intact. jc 
With the fcrsgoinc m m.nd, the inventors nave come up with a- ™™ c J fCQ 0 f , h6 

ratings with a sclu.cn of uHr*pur. w»r , which ozena is 

strorc oxidatlvB effect of ozone, and have further proposed in U.S. Patent S.N. °^^ 7U ^ co : , * 
by such a procedure or dry treatments using ozone or .trier chemicals ana w 

™tS ^ new an increased demand for treating a large amount of wafers * with, a short 
SC an HC cfU' at organic corfng remo* ^^^^^^iSi'SS 
ozone dissolved or bubbled in ultra-pure water, wnich are ^ M ^ s ^ y,f J b|em8 by increasjng the 

nrsn -jrr»-rr sr. 

u(tr , P ure water and a mixed phase f,uid =ompn,ng an tSSTi 5 ^^*^"^ 

invention is also directed to an apparatus for treafng substrates, wmcn c p 
cnamber with a substrate holder located therein, in wn,ch a olurality « wb ^^™ ^ w a rota ry 
Slber being attached to the treating chamber coupled to a ^"^"SE- . n^ 
shaft and being providsa with a nozzle for feeding an ozona-containing gas or a treating soiuuo 
SU£g .lifl Phase ,ui= comprising an czcne-ccntai.ng ^^^^ e watar 3r 
' More specifically, the invention is designed sucn ^^T^^^Tc^o undesired 
a mixed ohase fluid ccmorisjng an ozcne-contammg gas and ultra-cure water are sc y 
catena, on spates in a bating Camber having its ozone ^ an ctone-contaLg 

«ev 9 i by feecing thereto an ozcne-ccntalnmg gas cr a mrxed phase ^ ^Z7Lt S c to ccnstantiy 
oas an, u,tra-cur* water, the substrates with the ^^T^^^Tc^,, force, 
30 -anew thin films of the treating solution on the surracss of the suostrates sy mean 

•hereby promoting removal of the unbesired materials. ; m oossible to achieve 

case, nowever, if the th^ness of the water ^ d ^surrace of a 
well-enough treating rates, as axoerenced in the case cf water scene rec ic r y 
substrate Heating the substrates does net permft wet ozone :c nave well-enougn effects, 
M water :11m cannot occur even wnen a wet ozcne-ccntaning gu ^ uS6 ^ thicKneS s 

By contrast, rotating the substrates at h.gh speed produces .arge^nough f m . 

of the films of ultra-pure water farmed on the surfaces of the suostrates are very J*n and the films 
0U re water formec on the surfaces of the substrates are continuously ^weO. . he m 

in the method of tne invention, it is preferao.e that the substrates rota te at A* 30 , P-™ . 
* films of the treats scluticn are formec on the ^^J^^^^^ « ^ 
used in a gasified or mistec form, on the other nana, rt is preterms that .he -Uwsrra 

sceec, say, 1.000 r.p.m. ..„„,,« „ fBd into -he treating chamber without oeing mixed with 

Alternatively, when :ne czone-conraining gas is red into .ne treating a « cha mber 
ultra-pure water, It ,s necessary that the concentration of tne ozone-contam.ng ga nn £ ' ^"J- 
« e mamtalned at a given value. Aithough varying depending on the *™^^*'^^S, , T. 
amount of the ozone-containing gas fed snould be determined such that the caone c-noentras 

regulates to 50,000 ppm cr higher. ,rhiPved Ov 

The mixing of the czone-containing gas with ultra-pure water, for instance, may o ^ achieved oy . 
(1) =erm,tt,r.g the czone-ccntaining gas letted from an o.cn^cnta^ng gas -eec; nc^ , . p J 
so given angle tc act cr a flow of the treating solution jetted from a treating scWon ^d nc-». 
the treating solution and ozone-containing gas are mixed for act, on on the suds ra* s 
<2> reeding the treating solution anc ozone-containing gas to a sp.ral m.xer .or mixmg and .eecmg 
mixture into the gating cumber; al a iv9n cM flow 

(3) sucwrg the czcne-ccntair.ing gas oy a how ^ wJL v 
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the substrates, thereby forming a fluid in a mixed gas-iicuid form; or r * cul3te<i to 

n -assinq -he ozone-containing gas through a S« P" ass in 3 79atm 9 scliraon Z 95 ™ 5 rtn J« 
vaSr^-ur. and -Ling into the treating chamber the reding earner gaS ocmcnsmg the 

ozone-containing gas and the vapor of the treating solution. ^.cure water is 

After the organic materials have been removed from the surtax of ^ ^supplo 
f8C :o the surfaces of the substrates 'cr washing. This substrate washing may I ^'^^7,4 
u^-pure water alone wnile the supply of the ozone-containing gas » .nterrvpteo, then 
utcly Of ultra-pure water, then rotating the substrates at high »^ » r^^TS ~ 
thLrcm, and finally drying the- substrates, it is noted in th-s connects that the treatmg steps may 

in the same treating chamber. treatinc camber, the 

After the substrates have been treated with the ozone-contain.ng gas fed into the treating .,,«moe n 



ozone decomposer. ^ . 

The invention win be described in detail in connection with the drawings r^lch 

FIGURE 1 represents one embodiment of the method ana apparatus ,or treating suostrates y _ 

, SiSTistrates another embodiment of the method and apparatus for treaUng substrates according 

embodiment of *e method and aoparatus for treafcng. substrates according to 

^^T'descnbed, the invention ,s designed aucn that when vanous liouid 
wa^cr a ted phase fiuid comprising an ^.^Z^^^^ " a 

unaesired materials on substrates in a treating cnamoer nav,ng ,ts f 3 ™ ""J^f ™ ^ orisin g an 
certain or higner leve. by feeding thereto ^^^J^^^l^^ 
ozone-containing gas ana ultra-cure water, the substrates ^;- n ^ hwM8 by means of centrifugal 
constantly renew thin films of the treating solution on the surtaces or Jie suostrates oy means 
force, therebv cromcting removal of the undesired materials. irT , nQSS ihie -a achieve 

in this case, however, it the thickness of the water films formed !s large^ then , * ^ *TJ™ Ta 
wei l-encugn treatJng rates, as excerienced in the case of water scattered dire^ onto ^ 
substrate Heatino the substrates does not oermit wet ozore to have well-ana^ Sfiacts, .ecause any 
water film cannot occur even when a wet ozene-ccntaining gas is fee, thickness 

3y contrast, rotating the sucstrate at hign sceed produces iarge-encugh e ^ ~re 
of the film cf ultra-pure water formed cn the surfaces of the substrates , a very th.n and .he tilm of urtra pur 
water formed on the surfaces of the substrates are continuously renewea. ' . m|n 

in >he -ethed of the invention, it is preferable that the substrates rotate at 10 to oO r.p.m.. when Jietn n 
„,m '.Sing section is formed on the surfaces of the substrates. When *e ^ 
a gasified or misted form, on the other hand, it Is preferade that the suostrates rotate at h.gh soeeb. y. 



' A»e a ively, when the oxcne-containing gas is fad into the.treatlng = amber w.hou W 
ultra-cure wJ. it is necessary that the concentration of the ozone-«« gas the t 
Ce maintained at a given value. Aithough varying depending on the '^TT^^JlfTi ^SSS 
amount of the ozone-ccntaining gas fed should preferably be determined such that the ozone concentration 

is regulated to S0.0C0 pom or higher. a ~*i*uon 
Th. mixing of the ozone-containing gas with ultra-oure water, for instance, ^V^evec =y 
r .) cutting the ozone-containing gas jetted from an ozone-ccntammg gas fee nc^ 
given angie to act on a flow of the treating solution jetted from a treating sclutrcn feed nczzie. wnereby 
-he treating solution and ozone-containing gas are mixed for action on the substrates 
™ feeding tne treating solution and ozone-containing gas to a sciral mixer tor mixmg and .eed'.ng the 

STSiJ £ 1SSSSS gas by a f,ow of the .eating soiution moving « a given constant flow 

rata for mixing; , 4 . „^- in „ «.,.t»nn *ank r«aulated to a given pressure, wherein 

(4) fe^'ino the o2one-contain nq cas into a treating solution .an* r-yusuou , , 

I4j Te—mg ine ^no-^i ia y ^rscsuriz^d o2one-coma ning treating solution is 

fi ™ e j c first Hjsso ved n the treating solution, and the prsssunz-a a » 

c_~ne i- tirM ui*wivcu . w . «i a3 «* in* hubbies of 02cne ntc the mating solution on 

then deoressuriseri in the treating cnamber to release .me S^ooies 01 

the suostrates, mereby forming 2 fluid in a mixed gas-liquid form; or 
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(5) passing trie czcne-cc raining gas througn 3 gas phase in a treating solution reservcir regulated to 
saturation vapor cressure and feeding into the treating cnamber the resulting carrier gas comprising the 
czone-ccrnaining gas and the vaoor of trie treating solution. 

After the organic materials have been removeo from the surfaces of the substrates, uitra-pure water ts 
5 fed to the surfaces of the substrates tor washing. This substrate cashing may be achieved by supplying 
ultra-pure water alone while the supply of the ozone-containing gas is interrupted, then interrupting the • 
supply of ultra-oure water, then rotating the substrates at high speed to remove the ultra-pure water 
therefrom, and finally drying the sucstrates. It is noted in this connection that the treating steps may occur 
in the same treating chamber. 
to As can be understood from the foregoing, the invention provice* a method for treating subsrtrates sucn 
as silicon wafers for fabricating semiconductor oevicas to remove therefrom undesired materials sucn as 
organic coatings and deposits by spraying a treating solution sucn as ultra-pure water onto the sucstrates 
that rotate in an ozone-cental ning atmcspnere. thereby forming on the surfaces thereof continuously 
renewed ultra-pure water films. This method is higher in removal rates than conventional wet removal or 
i* organic coatings by ultra-pure water imotantea with ozone or conventional dry removal of organic coatings 
by ozone acting on heated substrates, so that the undesired matenais can ce removed within a shorter scan 

of time. , 

The .nventlcn will now be exoiaineo, more sceciftcally but not exclusively, with rererence ,c M 

accompanying drawings. 
2£3 pig 1 illustrates one emoodlment of the method cf the invention. 

Within a treating chamber 1, there is provided a substrate holcer 3 with a plurality of substrates 2 neld 
in place, which is mounted on a rotary table 5 csnnectec to a rotary shaft 4. The treating chamber i has 
also an ozone feed nozzie 7 for feeding an ozene-ccntaining gas generated by an ozone generator S and an 
ultra-cure water feed nozzle .9 for jetting ultra-pure water fee througn an ultra-pure water <eec unit 8. 

The ozone-containing gas is first fed- into the treating chamber througn the ozone feec nozzle 7. just 
when -he ozone concentration in the treating chamber is staciiizsc, the ultra-oure water is .etted througn the 
nozzle 9 while the rotary table is rotating, so that *he thin films of urtra-cure water are rormed cn the 
surfaces of the substrates. The jetting cf ultra-pure water may be performed either continuously or 
intermittently. After the substrates have been treated for a gtven time and thereoy cleared of organic 
coatings, ultra-pure water alone is subsequently sucolled for substrate rinsing to remove residues from the 
surfaces cf the substrates. Then, the supply of ultra-pure water is interrupted, but the rotation or the 
su03trates is continued for sctnning off the ultra-oure water and drying. 

Fig. 2 reoresents another embodiment of the invention. _ 
Within a'treating chamber 1, there is provided a substrate holcer 3 within s number of substrates 2 neid 
cs in place, and a fluid scray unit 11 having a number of spray nozzles 10 is located in the vicinity of the 
hc.der 3. Through this fluid spray unit, an ozone-ccntainlng gas generated by an ozone generator 6 and 
ultra-pure water fed from an ultra-oure water feed unit 12 - which are mixed in a gas-liauid -mixer 13- are 
sprayed onto the surfaces cf the substrates. 

Fig. 3 shows a further embodiment cf the invention. 
40 As illustrated, a sucstrata holder 3 is mounted on a rotary table 5 coupled to a rotary shaft 4. An ozene- 
containing gas obtained in an czene generator 5 and urtra-pure water sucdied from an ultra-oure water teed 
unit 12 are mixed in a gas-iquid mixer t3, whence a wet czone-containing gae 14 and an ozone-containtng 
ultra-pure water 15 are seoerately sorayed through spray nozztss 15 and 17 onto the surfaces of the 
rotating substrates for treating them. After that, the rotary shaft is rotated at high speed for spinning off the 
45 urtra-pure water. 

Example 1 

A positive type of phctcresist (CFPR-8CC mace by Tokyo Chk Kcgyc K.K.; was coated on each of 1 50- 
so mm diameter silicon wafers cleaned cn the surfaces by means cf a spin ocater in sucn a way that :ts 
tniexness after preoakmg was 1,1 CO nm. 

Tl^e substrates, each with the photoresist side ucward, were cut in the hcider in the treating cnamber, 
and the ozone-containing gas cf 55.CO0 ccm in ozone concentration was then fed through tr.e ozene feed 
nozzie in an amount of 5 liters/minute. Cncs the ozene concentration had been stabilizec in the treating 
££ chamoer. the hcider was rotated at 2CQ to 750 r.p.m.. whiie ultra-pure water of 2S*C was sorayed cnto the 
substrates at a flew rate cf 200 to i.COO ml/minute through the ultra-pure water spray nozzle, thereby 
removing organic coatings rrcm the surfaces of the substrates. The results are set cut In Table 1. 
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Table 1 



Ozone Cone, (ppm) 


Gas Plow Rate R.P-M. 
Iltars/min. | 


Treating Time 
(min.) 


Removal Rata nm/min. 


55,000 
55,000 
55 f 00Q 


6 
6 
S 


730 
750 
200 


5 
5 
5 


177 
126 
136 



Comparative Example 1 

Wafcrs with photoresists -unted hereon in simi.ar <Z«*t 
5 minutes v*h an ozone-containing gas ef 3.000 ppm m ozon ■™J B J£ ^ J y C2Uld not be 
5 u cwever , ths photoresists remained invariable <n the initial th.ckness, .n other wcras. y 

removed. 
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Claims 

, A method for treaflng spates such a, semiconductor -^f^^ 

on undesired materials on the surfaces of the suostrate*, while the suites are g. 
containing gas atmosphere. 

2. A methods claimed in Claim 1, wherein the treating solution is ultra-pure water. 

■ a ■„ r^in, 1 or 2 wherein the jzene-containing gas atmosphere is seated by 

3. a methoa as claimed in Cairn 1 or 2. wherein * uVpure water as the treating 
feeding a mixed phase fluid comprising an czone-«ntammg gas and jura pu 

solution. 

, An apparatus for treating suites such as sem.o 

.herefrom, which Includes j cicsec trsaiiD* cnambe^ a substrate holder , ^r , om g ? 
substrates, said substrate hdOer bemg mountec on the ^^^^i^Sning gas 

and a treating solution. 
5 . An apparatus as claimed in Claim 4, wherein the treating solution is ultra-pure water. 
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© Method and apparatus for cleaning substrate. 

© A method and apparatus for treating substrates, 
herein a substrate holder (3) in which the sub- 
strates (2) to be treated are put is mounted on a 
rotary table (5) with a rotary shaft (4) connected 
-hereto in a treating chamber (1), an ozone-conttun- 
inc gas is fed into the treating chamber through an 
oz0 ne feed nozzle (7) to fill therein with the ozone- 
containing gas. ultra-pure water is fed onto the sue 
strates through an associated nozzle (9) white frey 
are rotating, thereby treating them with the thin nhris 
of ultra-pure water formed on their surfaces, uttra- 
pure water alone is fed after removal of undesired 
materials to rinse the substrates, and the substrates 
ar 9 rotated after the Interruption of ultra-pure water 
for spinning off the ultra-pure water and drying, 
thereby increasing the rate of removal-by-ozone of 
organic materials, oeposits and the like from the 
substrates, like wafers. 
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